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Description 


SYSTEM FOR PROVIDING CONTENT TO 
MULTIPLE USERS 

Cross Reference to Related Applications 

[0001] This application claims the benefit of U.S. provisional 

patent application serial number 60/478,688, filed June 
13, 2003, the entire contents of which are incorporated 
herein by reference. 
Background of Invention 

[0002] The present invention relates generally to communications 
services and in particular to providing content to multiple 
users. Systems exist for distributing content to users such 
as broadcast television, cable television, pay-per-view, 
etc. In such systems, the content provider dictates when 
content is available and the user may view the content at 
the scheduled time. Devices such as video cassette 
recorders (VCRs) and digital video recorders (DVRs) such 
as the TiVo system allow users to time-shift content and 
view the content at a time different from the broadcast 


time. 

[0003] There is increasing desire by users for content on de- 
mand. In such systems, users can immediately obtain 
multimedia (e.g., motion pictures). Such system must ad- 
dress features such as billing, security, quality, etc. Em- 
bodiments of the invention are related to a content distri- 
bution system addressing these, and other features, of 
multimedia distribution. 
Summary of the Invention 

[0004] Embodiments of the invention include a content distribu- 
tion system including a content source and a plurality of 
consumer networks including a controller and a consumer 
storage device. A distribution network couples the content 
source to the controllers of the consumer networks. The 
distribution network includes network storage devices and 
network processors. A grid computing platform or other 
form of distributed resource management includes the 
controllers, the network processors, the consumer storage 
devices and the network storage devices. The grid com- 
puting platform provides storage of the content across 
network storage devices and consumer storage devices 
and distribution of the content to one or more of the con- 
sumer networks. 


[0005] other systems, methods, and/or computer program prod- 
ucts according to embodiments will be or become appar- 
ent to one with skill in the art upon review of the following 
drawings and detailed description. It is intended that all 
such additional systems, methods, and/or computer pro- 
gram products be included within this description, be 
within the scope of the present invention, and be pro- 
tected by the accompanying claims. 
Brief Description of the Drawings 

[0006] FIG. 1 is a block diagram of an exemplary system for dis- 
tributing content to multiple users. 

[0007] FIG. 2 depicts an exemplary content distribution architec- 
ture. 

[0008] FIG. 3 depicts an exemplary distribution network in em- 
bodiments of the invention. 

[0009] FIG. 4 depicts an exemplary grid computing platform in 
embodiments of the invention. 

[0010] FIG. 5 depicts an exemplary consumer network in embod- 
iments of the invention. 
Detailed Description 

[001 1] FIG. 1 is a block diagram of an exemplary architecture of a 
content distribution system for distributing content to 


multiple users. As shown in FIG. 1, content 10 from many 
sources is aggregated and distributed to many consumers 
based on profiles associated with the content and the 
consumer. The content 10 may be a variety of audio-vi- 
sual multimedia, such as television programs, movies, 
consumer-generated content, audio, etc. 
[0012] a video services platform 12 controls subscription man- 
agement and billing functions. This layer supports a pro- 
gram guide, management of content, device and user 
profiles, digital rights and other security. The video ser- 
vices platform 12 provides measurement tools to assess 
network performance, accounting, billing, logging, and 
other service control functions. This layer of the content 
distribution system 10 may be implemented using pro- 
cessor-based network elements such as computers at a 
central office and/or distributed processor-based network 
elements. 

[0013] a video distribution platform 14 manages aspects associ- 
ated with delivering approved content to the end con- 
sumer. This includes management of resources such as 
bandwidth on the last mile loop, bandwidth within the 
edge and core network, content retrieval, caching policies 
and quality of service objectives. This layer of the content 


distribution system 10 may be implemented using pro- 
cessor-based network elements such as computers at a 
central office and/or distributed processor-based network 
elements. 

[0014] a control layer 16 manages the end-end service including 
aspects of the underlying transport network, the underly- 
ing storage network, and the video services functions. 
This layer of the content distribution system 10 may be 
implemented using processor-based network elements 
such as computers at a central office and/or distributed 
processor-based network elements. 

[0015] a program guide in the video service platform 12 allows 
the consumer to subscribe to and manage content 10. 
This includes identifying content that the consumer 
wishes to store based on particular shows or categories of 
interest. A simple intuitive interface supports content 
classification, searches, selections, etc. In addition to con- 
sumer-selected content, the service builds a profile of the 
consumer based on viewing patterns and preloads content 
that has a high likelihood of interest to the consumer. 

[0016] The program guide interface also provides the consumer 
an interface into the billing system to allow the consumer 
to see charges associated with various content, current 


billing data, and account management. 

[0017] Content 10 is managed through the relationships of a va- 
riety of profiles and policies defined within the content 
distribution system. The end consumer has a profile that 
defines the content that has been purchased by the con- 
sumer and additional content that may be purchased or 
perhaps specifically prevented. The content or program- 
ming also has a profile associated with it. This profile in- 
dicates the billing fees associated with the program and 
viewing rules such as number of times played, number of 
days available, etc. A device profile includes constraints 
on the display devices as some content may only be ap- 
propriate for devices capable of displaying digital broad- 
cast quality video where other content can be displayed 
on lower quality devices. 

[0018] The content distribution system manages to the intersec- 
tion of the three profiles ensuring that the content is ap- 
propriate for the consumer, the consumer is willing to pay 
for the content, and that the content can be displayed on 
the consumer's viewing device. The content distribution 
system tracks the usage of the content and duration of 
the "rental" to ensure that the content owner is compen- 
sated. 


[0019] | n addition to managing the digital rights associated with 
the content, the video services layer 12 communicates 
with the video distribution layer 14 to ensure that storage 
and network QOS capabilities conform to agreements en- 
tered into with the content owner. 

[0020] The control layer 16 provides support for the video distri- 
bution platform 14 and employs many support compo- 
nents found in telecommunications delivery networks to- 
day. The functions defined in the Telecommunications 
Management Network Architecture are defined by the 
FCAPS model and are applied and extended to support the 
video distribution platform 14. 

[0021] one function provided by the control layer 16 is fault 

management. Fault management includes the functions 
required to identify and correct troubles within the con- 
tent distribution system. This includes network outage re- 
porting, service outage reporting, alarm surveillance, fault 
management, fault localization, restoration, automatic 
dispatch, and testing, as well as the processes and docu- 
mentation associated with these functions. 

[0022] Another function provided by the control layer 16 is con- 
figuration management. Configuration management in- 
cludes network planning and engineering functions, in- 


stallation and provisioning functions, service management 
and resource status. Most of the configuration manage- 
ment capabilities are found within a grid computing plat- 
form and focus on dynamic resource discovery and peer- 
to-peer resource negotiations. The grid computing plat- 
form is discussed in further detail herein. 

[0023] Another function provided by the control layer 16 is ac- 
count management. Account management focuses on col- 
lecting usage records, pricing strategies, billing and col- 
lections, and auditing. The content distribution system is 
capable of billing by the show, by premium packaged 
content, by network content, both for video-on-demand 
content and for subscription content. The content distri- 
bution system tracks data on the number of times the 
program was viewed the number of days the program is 
available, etc. Accounting is very closely linked to digital 
rights and security management functions. The account- 
ing function covers both the consumer's use of content as 
well as settlements with content owners. 

[0024] Another function provided by the control layer 16 is per- 
formance management. Performance management in- 
cludes performance quality assurance, performance moni- 
toring, and performance management control. The con- 


tent distribution system supports performance manage- 
ment on a number of levels within the service. At the most 
basic level, the bandwidth across a consumer link (e.g., 
ADSL) is managed to control the quality of video delivery. 
This includes determining when to stream off-line video 
and the number of active video sessions that can be open. 
The content caching must be managed to ensure an opti- 
mal distribution of content to the consumer's storage de- 
vice, the storage devices served out of the same central 
office, and other storage devices within the network. 
[0025] Another function provided by the control layer 16 is secu- 
rity management. Security management secures both the 
content distribution network as well as the content. This 
function is tied to digital rights management. The content 
distribution system preserves rights of the content own- 
ers. 

[0026] FIG. 2 depicts an exemplary video distribution architec- 
ture. The video distribution architecture includes the un- 
derlying network 20 and software infrastructure to sup- 
port the video service platform 12 discussed with refer- 
ence to FIG. 1. The major components of the architecture 
include the content 10, the distribution network 20 
(backbone and access), the storage network 22, the grid 


computing platform 24, and a consumer network 26. It is 
understood that the consumer network 26 is not limited 
to residential locations but may be any end user of the 
content. 

[0027] The content 10 is made available through a distribution 
agreement between the content distribution system 
provider and the content owner. There is a defined pro- 
cess for adding new content into the network and an as- 
sociated profile including digital rights, subscription rules, 
quality of service (QOS), and billing rules. Content is 
stored within content provider storage 11, network stor- 
age 22 as well as on consumer storage devices (e.g., DVR) 
at the consumer sites. 

[0028] jhe distribution network 20 includes the backbone and 

the edge network. A QOS capable network such as anMPLS 
core provides the backbone network for content distribu- 
tion. The core network interfaces with a variety of access 
network and access network technologies. This includes 
ADSL networks as well as an open cable network, wireless 
DSL network, and other access networks as required. 

[0029] jhe distributed storage architecture includes storage 

within the distribution network at network storage devices 
22, perhaps at a centralized locations (e.g., central of- 


fices) as well as storage devices 28 at the consumers' sites 
(e.g., DVR devices). The storage network supports trans- 
mission of realtime video that is archived for future view- 
ing and supports the transportation of non-realtime video 
between storage devices (e.g., consumer-to-consumer). 

[0030] The grid computing platform 24 controls components of 
the distribution network. The grid computing platform 24 
is provided by network elements executing grid applica- 
tions. As described in further detail herein, the grid com- 
puting platform 24 is implemented using processor based 
network elements at a central office, at edges of the net- 
work, at the consumer location, etc. This grid applications 
software controls resources within the network including 
processing, bandwidth, and storage. The grid computing 
platform 24 provides the core applications platform for 
managing content and customer profiles including digital 
rights, subscriptions, billing, monitoring, etc. 

[0031] The consumer network 26 is the end user network that 
seamlessly unites all/any of the typical end-user's infor- 
mation appliances and devices as described in further de- 
tail with reference to FIG. 5. The consumer network 26 
manages the receipt of content from the distribution net- 
work 20 and stores the content on a storage device 28 


(e.g., DVR). The consumer network 26 may be based on a 
wireless networking standard such as 802. lie. 

[0032] FIG. 3 depicts an exemplary distribution network 20 in an 
embodiment of the invention. The distribution network 20 
provides for distributing content to a variety of consumers 
via a number of different channels. An ADSL link provides 
1.5-3 Mbps downstream and 512 Kbps upstream. This al- 
lows 2-3 video streams to be delivered simultaneously 
over the downstream bandwidth. This may include a com- 
bination of actual realtime video and non-realtime pro- 
gramming that is being preloaded on a consumer storage 
device 28 (e.g., DVR). The upstream bandwidth is used to 
transfer stored programs from one consumer's storage 
device 28 to another consumer's storage device 28, 
preferably coupled to a common network element (e.g., 
the same central office). In addition, both the upstream 
and downstream links are used for management of the 
content distribution service. 

[0033] As shown in FIG. 3, the distribution network 20 can also 
include other ADSL networks, open access cable, and/or a 
wireless DSL platform. The content distribution service 
may be offered over another ILEC's ADSL network. The 
content distribution service could be offered over cable 


modem access. The network operator derives value from 
the video service and the video revenue stream, not from 
the underlying access network. Further, the network 
owner may only need access to the underlying network 
rather than own the network outright. 

[0034] FIG. 4 depicts an exemplary grid computing platform 24 
in an embodiment of the invention. The content distribu- 
tion service platform is a very large scale distributed plat- 
form. The grid infrastructure is scaled to solve a number 
of issues: authentication, authorization, accounting, re- 
source discovery, resource access, resource negotiation, 
compression/decompression, encoding/decoding, content 
caching, content discovery, content retrieval, quality of 
service, management mechanisms, and other challenges. 
The grid computing platform 24 monitors bandwidth con- 
sumption at the edge of the network 20 to determine 
whether an additional video stream can be delivered, to 
determine whether non-realtime content can be delivered 
to the consumer storage device 28, and whether the link 
can support upstream video delivery. 

[0035] The grid computing platform 24 determines when and 
where to store non-realtime video. The grid computing 
platform 24 is implemented using distributed network el- 


ements such as controller 30 (e.g., set-top box), con- 
sumer storage devices 28 (which may be incorporated 
within controller 30), network storage devices 22 (e.g., at 
central office, data centers) and/or other network ele- 
ments (e.g., processors at central office locations or other 
locations). These processor-based network element(s) de- 
termine based on customer preference, customer viewing 
habits or other reasons when to store a video program on 
the consumer storage device 28. Processor-based net- 
work element(s) decide where to store content that is not 
resident on the user's local consumer storage device 28. 
The grid computing platform 24 understands the network 
relationship between users to optimize network resources 
when content must be distributed from one consumer's 
storage device 28 to another consumer's storage device 
28. 

[0036] The grid computing platform 24 manages storage trans- 
parently to the consumer. The consumer is aware of the 
content they currently subscribed to and additional con- 
tent that they may subscribe to. The location of the con- 
tent is transparent to the consumer. The consumer does 
not know and does not need to know if the content is on 
their local storage device 28 or being pulled from another 


storage device in the network. In FIG. 4, TV Al pulls the 
program out of the resident DVR 28 while TV A2 displays 
realtime programming streamed over the network 20. TV 
Bl pulls content from another consumers DVR 28 while TV 
CI pulls programming from a network resident storage 
device 22. Thus, content may be distributed from a variety 
of storage devices in a distributed network architecture. 

[0037] The grid computing platform 24 also processes content 
using techniques such as compression or encoding. The 
distributed processor-based network elements perform 
compression/decompression. By using distributed pro- 
cessing, compression can be performed more rapidly 
thereby reducing the bandwidth requirements to the con- 
sumer. As processing power is increased through dis- 
tributed computing, bandwidth requirements to the con- 
sumer are decreased as high bandwidth content (e.g., 
streaming video) can be decompressed in near realtime. 

[0038] Compression can be broken down into a number of com- 
pression techniques such as spatial and temporal redun- 
dancy encoding and perceptual encoding. Temporal en- 
coding focuses on identifying only those sections of video 
that change from frame to frame, sending the updates 
rather than the full frame. Periodically a full frame is sent 


to ensure video quality and to pick up scene changes. Hu- 
man Perception encoding is focused on stripping out the 
content of a frame that the human eye cannot perceive. 
This includes reducing the number of colors, brightness, 
texture, etc. It also includes searching for repeating pat- 
terns that can be sent once and applied several times 
within a frame. 

[0039] video encoding standards have been led by the Motion 

Picture Expert Group (MPEG) which is heavily driven by the 
requirements of the content owners. MPEG-2 was stan- 
dardized in 1994 for digital television. MPEG-2 specifies 
the decoder process not the encoding process, as a result, 
bandwidth requirements may vary by implementation. 
MPEG-2 coders typically operate in the 2-4 Mbps range. 
The MPEG-4 standard is the interactive coding standard 
for digital multimedia platforms. MPEG-4 part 4 encoding 
delivers an improvement over MPEG-2 and includes video 
extensions that allow additional encoding standards to be 
used as approved. The distributed network elements of 
the grid computing platform 24 handle compression/ 
decompression and/or encoding/decoding of the content 
as needed to reduce bandwidth requirements on the dis- 
tribution network 20. 


[0040] FIG. 5 depicts an exemplary consumer network 26 in an 
embodiment of the invention. In one embodiment, the 
consumer network 26 is a residential home network, but 
similar networks may be employed in any setting where 
content is distributed. The consumer network 26 is 
preferably a wireless network that connects multiple de- 
vices using existing wireless network techniques (e.g., 
802.11g/e/i, 802.11b, HPNA, Power Line Carrier, UWB). 
The controller 30 is coupled to the distribution network 
and serves as a gateway device between the consumer 
network 26 and the distribution network 20. 

[0041] The consumer network 26 includes associated home de- 
vices such as: DVR, TV, PC, PDA, game consoles, tele- 
phone, etc. Content may be provided through controller 
30 to the consumer's storage device 28. A voice/message 
module 40 provides for wireless telecommunications ser- 
vices. Voice data may also be distributed to a personal 
computer 42 or laptop 44. Thus, the consumer network 
26 provides communication between devices as well as 
connecting the storage device 28 back to the distribution 
network 20 for distributing content to other consumers. 

[0042] The consumer network 26 includes a handheld user input 
device 46 and associated navigating software to command 


and control voice, data and video applications. The con- 
sumer network 26 has a common control platform for 
managing devices on the consumer network 26. This in- 
cludes the ability to navigate through the video program- 
ming guide. A simple and functional user interface is one 
aspect of the content distribution service. This interface 
promotes watching pre-loaded content thereby reducing 
the bandwidth across the content distribution network. 
The interface highlights the breadth of content available 
on demand to move the consumer away from valuing ca- 
ble broadcast services based on the number of channels. 
The consumer selects content through a remote control. 
The interface must provide advanced flexible features 
such as pause, rewind, and fast forward that are not pro- 
vided by the broadcasters without a CPE upgrade. The 
user input device 46 provides such features to guide the 
consumer through the program guide. 
[0043] The systems and architectures discussed above provide a 
number of features. Distributed storage is achieved 
through network storage elements 22 within the distribu- 
tion network (e.g., at a central office or a data center) and 
consumer's storage devices 28 (e.g., DVRs). These proces- 
sor-based network elements execute distributed comput- 


ing processes for determining where and when to store 
content on a consumer's storage device 28. Factors in- 
volved in the geographic-based content distribution in- 
clude the location of the receiving storage device and net- 
work performance on available routes to the receiving 
storage device. 

[0044] The content distribution system may use a number tech- 
niques to distribute content on the distribution network 
20. For example, in order to compensate for reduced up- 
load bandwidth from consumer storage devices 28 to the 
distribution network 20, video may be stored in sections 
on several consumer storage devices 28. When video 
needs to be distributed from the consumers' storage de- 
vices to another consumer, only a limited amount is re- 
quired from each source. Alternatively, rather that store 
full content on a consumer storage device 28, store the 
first X minutes to get started then stream the rest in for 
viewing and storage. 

[0045] The content distribution system also provides content 

management. The distributed network elements manage 
one content stream as many component streams (e.g., 
from multiple storage devices) and merge the component 
streams together to deliver content. To prevent piracy, 


video content may be stored locally on a consumer stor- 
age device 28 and the audio track streamed to the con- 
sumer upon viewing, but not stored. As described herein, 
content may be shared between consumer storage devices 
28 in peer-to-peer system under the control of the net- 
work elements to prevent unauthorized uses. 

[0046] The grid computing platform 24 provides a number of 
billing options including peer-to-peer distributed billing 
(e.g., billing consumers for content delivered from other 
consumers), interactive billing (e.g., pricing change based 
on adds watched or interactive adds to ensure they were 
watched), billing linked to network delivery performance 
(e.g., QOS such as realtime delivery or store-then-view 
delivery). The grid computing platform 24 also provides 
services such as profile management (content profiles, 
consumer profiles and device profiles). The distributed 
processing of the grid computing platform also allows in- 
stallation of additional network elements through plug 
and play configuration and insertion into the grid. 

[0047] The distribution network may be a digital subscriber line 
network (DSL, ADSL, etc.) and provides a number of fea- 
tures. The DSL transmission may be mapped to single 
carrier modulation (SCM) format. Multiple Pair bonding 


may be used to provide distribution and management. 
The grid computing platform 24 interacts with the distri- 
bution network to modify DSL rate limiting, QOS, etc. The 
point-to-point nature of DSL may prevent eavesdropping 
piracy and may be used to track a particular user. Security 
techniques, such as entering a watermark per user, may 
be used to track access to content. 

[0048] Additional security measures may be implemented to pro- 
tect content and network data. One technique is to never 
store the entire content on a single consumer storage de- 
vice 28 and/or always stream one component (e.g., the 
audio track, or every X number of video frames). Network 
data, such as billing data, may be stored in a redundant 
distributed platform, with billing data stored in several 
places such as on consumer storage devices, network 
storage devices, etc. 

[0049] As described above, the present invention can be embod- 
ied in the form of computer-implemented processes and 
apparatuses for practicing those processes. In an exem- 
plary embodiment, the invention is embodied in computer 
program code executed by the server. The present inven- 
tion may be embodied in the form of computer program 
code containing instructions embodied in tangible media, 


such as floppy diskettes, CD-ROMs, hard drives, or any 
other computer-readable storage medium, wherein, when 
the computer program code is loaded into and executed 
by a computer, the computer becomes an apparatus for 
practicing the invention. The present invention can also be 
embodied in the form of computer program code, for ex- 
ample, whether stored in a storage medium, loaded into 
and/or executed by a computer, or transmitted over some 
transmission medium, such as over electrical wiring or ca- 
bling, through fiber optics, or via electromagnetic radia- 
tion, wherein, when the computer program code is loaded 
into and executed by a computer, the computer becomes 
an apparatus for practicing the invention. When imple- 
mented on a general-purpose microprocessor, the com- 
puter program code segments configure the microproces- 
sor to create specific logic circuits. 
[0050] while the invention has been described with reference to 
exemplary embodiments, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 


without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited 
to the particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the 
scope of the appended claims. Moreover, the use of the 
terms first, second, etc. do not denote any order or im- 
portance, but rather the terms first, second, etc. are used 
to distinguish one element from another. Furthermore, 
the use of the terms a, an, etc. do not denote a limitation 
of quantity, but rather denote the presence of at least one 
of the referenced item. 


